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Description

[0001] The present application claims the benefit of priority of the Chinese Patent Application No. 202210142538.0
filed with the China Patent Office on February 16, 2022 with the title of "Cathode Material and Method for Preparing the
Same, Lithium lon Battery," which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The presentapplication relates to the field of cathode material and, in particular, to cathode material and method
for preparing the same, lithium ion battery.

BACKGROUND

[0003] Lithium ion battery is widely used in electric vehicles and consumer electronics due to the advantages of high
energy density, high output power, long cycle life, and little environmental pollution. It has been a research direction for
developers to improve the rate performance, thermal stability, and cycling stability of a lithium ion battery. In the nickel-
rich cathode material of the prior art, the particles crack after a long cycle such that the internal structure tend to directly
exposure, affecting the long cycle stability of the cathode material and the rate performance of the lithium ion battery.
[0004] Based on this, it is desirable to develop a cathode material and a method for preparing the same to improve
coating uniformity, thereby improving the rate performance, thermal stability and cycling stability of lithium ion battery,
reducing production costs.

SUMMARY

[0005] In view of this, the present application provides a cathode material and a method for preparing the same, a
lithium ion battery, which may improve the coating uniformity, precisely control the amount of coating, improve the rate
performance, thermal stability and cycling stability of the lithium ion battery, and reduce production costs.
[0006] In a first aspect, an embodiment of the present application provide a cathode material including:

a secondary particle including a plurality of primary particles, where the primary particle includes an active material
having a chemical formula LibNiXCoyMszoz, where 0.95<b<1.10, 0.8<x<1, O<y+z+w<0.2, x+y+z+w=1,
0.0001<w<0.003; M is selected from at least one of Mn and Al; and R is a doped metal; and

a coating layer including a first coating layer and a second coating layer, where the first coating layer forms on a
surface of the primary particle, the second coating layer forms on a surface of the secondary particle, and the first
coating layer and the second coating layer both include phosphate compound;

the single point phosphorus content a’ at any point on the surface of the cathode material and the average phosphorus
content a on the surface of the cathode material satisfy the following relationship:

0.9a<a’<l1.1a;

where, a’ and a are obtained by the following test method:

in the case of observing the cathode material by a scanning electron microscope, conducting an EDS point scanning
at any point on the surface of cathode material for testing phosphorus content to obtain the a’, while conducting an
EDS surface scanning at a quadrilateral area randomly selected having a side length of 100 um in the field of view
of the scanning electron microscope for testing phosphorus content to obtain the a.

[0007] In conjunction with the first aspect, in a feasible embodiment, R in the Li,Ni,Co,M,R,,O, includes at least one
of Co, Mn, Al, Ti, Zr, Sr, Mg, Ca, Y, Ba, Cu, W, Nb, La, Ce, Mo and Sn.

[0008] In conjunction with the first aspect, in a feasible embodiment, the cathode material satisfies at least one of the
following conditions a to k:

a. the secondary particle is spherical or spherical-like in shape;

b. the primary particles have an average particle size of 200 nm to 1000 nm, and the secondary particles have an
average particle size of 3 um to 20 pm;

c. the phosphate compound includes at least one of Li;PO, and LiR,(PO,),, where 0<k<2, 0<r<2, and R is selected
from at least one of Co, Nb, Al, Ti, Zr, Sr, Mg, Ca, Y, Ba, Cu, W, Nb, La, Ce, Mo and Sn;

d. a preparation raw material of the phosphate compound of the first coating layer includes metal phosphate and
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lithium compound, and a preparation raw material of the phosphate compound of the second coating layer includes
at least one of phosphoric acid, metaphosphoric acid, phosphorous acid, metaphosphorous acid, pyrophosphoric
acid, hypophosphoric acid, soluble phosphate, soluble metaphosphate, soluble phosphite, soluble metaphosphite,
soluble pyrophosphate and soluble hypophosphate;

e. a content of phosphate group of the phosphate compound in the first coating layer accounts 0.03 wt% to 0.3 wt%
of the total mass of the secondary patrticle;

f. a content of phosphate group of the phosphate compound in the second coating layer accounts 0.1 wt% to 0.7
wt% of the total mass of the secondary particle and the first coating layer;

g. a content of crystalline phosphate group of the phosphate compound in the first coating layer or the second
coating layer accounts 5 wt% to 50 wt% of the total mass of phosphate group;

h. the first coating layer has a thickness of 0.005 pm to 0.05 um;

i. the second coating layer has a thickness of 0.02 pm to 0.2 um;

j. the powder conductivity of the cathode material is greater than 0.02 S/cm under pressure of 4 kN/cm2; and

k. the specific surface area of the cathode material is 0.2 m2/g to 2.0 m2/g.

[0009] As used herein, the term "crystalline phosphate group" refers to a phosphate group in compound containing
phosphate that are present as crystalline.

[0010] In a second aspect, the present application provides a method for preparing a cathode material, where the
method including the following:

mixing Niz;Co,M.O or Ni,Co,M(OH),, a lithium compound, and a metal phosphate to obtain a mixture, sintering
the mixture to obtain a sintered material, wherein a+b+c=1, 0.8:Sa<1, 0<b+c<0.2, M is selected from at least one
of Mn or Al, the sintered material includes a plurality of primary particles and a first coating layer forming on surface
of the primary particle, the first coating layer includes phosphate compound, and the metal phosphate has an average
particle size of less than 0.5 um; and

washing by a solvent and drying the sintered material at 50°C or below to obtain the cathode material, where the
cathode material includes a secondary particle and a second coating layer forming surface of the secondary particle,
the secondary particle is an aggregate of primary particles, and the second coating layer includes phosphate com-
pound.

[0011] In conjunction with the second aspect, in a feasible embodiment, the method satisfies at least one of the
following conditions a to f:

a. the lithium compound is added in an amount such that the ratio of the total molar content of Ni, Co, M, and the
metal element in the metal phosphate to the molar content of Liis 1:(0.95 to 1.10);

b. the lithium compound includes at least one of lithium carbonate, lithium hydroxide, lithium acetate, lithium nitrate
and lithium oxalate;

c. a metal element of the metal phosphate is selected from at least one of Co, Nb, Al, Ti, Zr, Sr, Mg, Ca, Y, Ba, Cu,
W, Nb, La, Ce, Mo and Sn;

d. a content of phosphate group in the metal phosphate is 0.03 wt% to 0.3 wt% of the total mass of the mixture;

e. a condition for obtaining the mixture is: solid phase mixing at 10°C to 50°C for 0.3 h to 2 h; and

f. a condition for obtaining the sintered material is: sintering at 650°C to 850°C for 6 h to 20 h under an oxygen-
containing atmosphere.

[0012] In conjunction with the second aspect, in a feasible embodiment, the method satisfies at least one of the
following conditions a to b:

a. the solvent includes water and a non-aqueous material, where the non-aqueous material includes at least one
of phosphoric acid, metaphosphoric acid, phosphorous acid, metaphosphorous acid, pyrophosphoric acid, hypo-
phosphoric acid, soluble phosphate, soluble metaphosphate, soluble phosphite, soluble metaphosphite, soluble
pyrophosphate, and soluble hypophosphate; and

b. a content of phosphate group in the solvent accounts 0.1 wt% to 0.7 wt% of the total mass of the sintered material.

[0013] In conjunction with the second aspect, in a feasible embodiment, the method satisfies at least one of the
following conditions a to f:

a. a temperature of the washing is 10°C to 50°C;
b. a concentration of the slurry consisted of the sintered material and the solvent (sintered material (g)/solvent (L))
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is 500 g/L to 2000 g/L;

c. a time of the washing is 10 min to 120 min;

d. the drying is carried out under nitrogen atmosphere condition;
e. a temperature of the drying is 80°C to 200°C; and

f. a time of the drying is 5 h to 48 h.

[0014] In conjunction with the second aspect, in a feasible embodiment, after washing by a solvent and drying the
sintered material, the method further includes:

placing the washed and dried sintered material in an oxygen-containing atmosphere for a heat treatment at 150°C to
600°C for 4 h to 10 h to obtain the cathode material.

[0015] In conjunction with the second aspect, in a feasible embodiment, the method satisfies at least one of the
following conditions a to f:

a. the metal phosphate reacts with the lithium compound at high temperature to form the first coating layer of the
primary particle;

b. phosphate anion in the solvent reacts with residual lithium on surface of the sintered material to form the second
coating layer of the secondary particle;

c. the phosphate compound includes at least one of Li;PO,4 and LiR,(PO,),, where 0<k<2, 0<r<2, R is selected from
at least one of Co, Mn, Al, Ti, Zr, Sr, Mg, Ca, Y, Ba, Cu, W, Nb, La, Ce, Mo and Sn;

d. a content of crystalline phosphate group of the phosphate compound in the first coating layer or the second
coating layer accounts 5 wt% to 50 wt% of the total mass of phosphate group;

e. the primary particles have an average particle size of 200 nm to 1000 nm, and the first coating layer has a thickness
of 0.005 pm to 0.05 pm; and

f. the secondary particles have an average particle size of 3 um to 20 um and the second coating layer has a
thickness of 0.02 to 0.2 pm.

[0016] In athird aspect, the present application provides a lithium ion battery including a cathode material as described
in the first aspect or cathode material prepared by the method for preparing the cathode material as described in the
second aspect.

[0017] The technical solutions of the present application have at least the following beneficial effects:

Firstly, the cathode material provided by the present applicationincludes a secondary particle formed by close combination
of a plurality of primary particles, where the primary particle has the first coating layer, and the secondary particle has
the second coating layer, the materials of the first coating layer and the second coating layer both are phosphate
compound. This internal and surface coating method synergistically improves structural stability, safety, rate performance,
long cycle performance and processing performance of the cathode material, which facilitates formation of high lithium
ion conductive network, improving lithium ion conductivity of the material, and reducing battery impedance. The second
coating layer on the surface of the secondary particle not only protects the surface of the secondary particle from being
corroded by electrolyte, and improves thermal stability, but also increases lithium ion diffusion rate, such that the resulting
cathode material has both of high rate performance and good thermal stability. The first coating layer also has the
features described above. Moreover, the first coating layer forms a phosphate compound coating layer with high ionic
conductivity at the grain boundary between primary particles, which reduces the grain boundary transport impedance
and is conducive to improve the rate performance of the cathode material. In addition, the single point phosphorus
content a’ at any point on the surface of the cathode material and the average phosphorus content a on the surface of
the cathode material satisfies 0.9a<a’<1.1a, indicating that the single point phosphorus content at various locations on
the surface of the cathode material is close to the average phosphorus content on the surface of the cathode material.
The phosphorus content in the coating layer is evenly distributed, inhibiting the loss of lattice lithium on the surface of
the cathode material (i.e., lithium ion present inside the lattice), reducing the free lithium content on the surface of the
material, thereby improving its rate performance, while inhibiting side reactions of the material with the electrolyte,
improving cycling stability of the material, allowing good processing performance and safety for the cathode material.
[0018] Secondly, the method for preparing the cathode material provided by the present application, by sintering once
at a high temperature, uniformly diffuse the phosphate on the surface of the material, enables coating of the primary
particle of the cathode material, while achieving metal cation doping. On the other hand, washing the sintered material
with solvent including non-aqueous material at 50°C or below uniformly precipitates the phosphate on the surface of the
secondary particle of the material, forming a uniform phosphate compound coating layer, thus improving structural
stability, thermal stability, safety, rate performance, long cycle performance, and processing performance of the cathode
material.
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BRIEF DESCRIPTION OF DRAWINGS
[0019]

FIG. 1 is a structure diagram of a cathode material provided by an embodiment of the present application;

FIG. 2 is a process flow diagram of a method for preparing cathode material provided by an embodiment of the
present application;

FIGs. 3a and 3b are scanning electron microscope photos of the cathode material of Example 1 at different mag-
nifications;

FIGs. 4a and 4b are scanning electron microscope photos of the cathode material of Comparative Example 1 at
different magnifications;

FIG. 5 is a graph of the rate performance of the cathode materials of Example 1 and Comparative Example 1;
FIG. 6 is a differential scanning thermal curve (DSC) of the cathode materials of Example 1 and Comparative
Example 1.

DESCRIPTION OF EMBODIMENTS

[0020] The following are preferred embodiments of the examples of the present application. It should be noted that,
for those of ordinary skill in the art, many modifications and adaptations may be made without departing from the principles
of the embodiments of the present application, which are also considered to fall within the scope of the embodiments
of the present application.

[0021] After a long cycle, the internal structure of the cathode material with rich nickel of the prior art tends to directly
exposure due to particles cracking, which affecting the long cycle stability of the cathode material and the rate performance
of the lithium battery. In order to improve the rate performance, thermal stability and cycling stability of lithium ion battery,
an embodiment of the present application provide a cathode material.

[0022] The cathode material includes: a secondary particle 10 including a plurality of primary particles 11, where the
primary particle 11 includes an active material having a chemical formula of LiyNi,Co,M,R,,0,, where 0.95<b<1.10,
0.8<x<1, O<y+z+w<0.2, x+y+z+w=1, 0.0001<w<0.003; M is selected from at least one of Mn and Al; and R is a doped
metal 112; and

a coating layer including a first coating layer 111 and a second coating layer 101, where the first coating layer 111
forms on a surface of the primary particle 11, the second coating layer 101 forms on a surface of the secondary
particle 10, and the first coating layer 111 and the second coating layer 101 both include phosphate compound;
the single point phosphorus content a’ at any point on the surface of the cathode material and the average phosphorus
content a on the surface of the cathode material satisfy the following relationship:

0.9a<a’<l1.1a;

where, a’ and a are obtained by the following test method:

in the case of observing the cathode material by a scanning electron microscope, conducting an EDS point scanning
at any point on the surface of cathode material for testing phosphorus content to obtain the a’, while conducting an
EDS surface scanning at a quadrilateral area randomly selected having a side length of 100 um in the field of view
of the scanning electron microscope for testing phosphorus content to obtain the a.

[0023] The cathode material provided by the present application includes a secondary particle formed by close com-
bination of a plurality of primary particles, where the primary particle has the first coating layer, the secondary particle
has the second coating layer, the materials of the first coating layer and the second coating layer both are phosphate
compound, and the single point phosphorus content a’ at any point on the surface of the cathode material and the
average phosphorus content a on the surface of the cathode material satisfies 0.9a<a’<1.1a, indicating that the distribution
of the phosphorus content at various locations on the surface of the cathode material has less different, the coating layer
is evenly distributed. This internal and surface both coating method facilitates formation of high lithium ion conductive
network, improving lithium ion conductivity of the material, and reducing battery impedance. The second coating layer
on the surface of the secondary particle not only protects the surface of the secondary particle from being corroded by
electrolyte, and improves thermal stability, but also increases lithium ion diffusion rate, such that the resulting cathode
material has both of high rate performance and good thermal stability. The first coating layer also has the features
described above. Moreover, the first coating layer forms a phosphate compound coating layer with high ionic conductivity
atthe grain boundary between primary particles, which reduces the grain boundary transportimpedance and is conducive
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to improve the rate performance of the cathode material. Thus, this internal and surface combined coating method
synergistically improves structural stability, thermal stability, safety, rate performance, long cycle performance and
processing performance of the cathode material.

[0024] Specifically, the value of b may be, for example, 0.95, 0.98, 1.01, 1.03, 1.05, or 1.10, etc. The value of x may
be, for example, 0.8, 0.83, 0.88, 0.91, 0.94, 0.98, or 0.99, etc. The value of y+z+w may be, for example, 0.02, 0.06, 0.09,
0.12,0.17, or 0.2, etc. The value of w may be, for example, 0.0001, 0.0005, 0.0010, 0.0015, 0.0020, 0.0025 or 0.0030,
etc. Which are not limited herein.

[0025] Optionally, R in the LibNiXCoyMZRW02 includes at least one of Co, Nb, Al, Ti, Zr, Sr, Mg, Ca, Y, Ba, Cu, W, Nb,
La, Ce, Mo and Sn.

[0026] It is noted that the contents of each elemental in the active material LiyNi,Co,M,R,,O, can be determined by
known ICP, ICP-MS, and the like, as well known instruments for qualitative analysis and/or quantitative analysis of
elements.

[0027] The primary particle is a single fine crystal grain, and the secondary particle is a particle formed by agglomeration
of the primary particles. Preferably the secondary particle is an aggregate of primary particles. The secondary particle
is compact inside, and the secondary particle is spherical or spherical-like in shape.

[0028] The cathode material provided in this application is examined jointly by scanning electron microscopy (SEM)
and particle size testing, and it is found that the average particle size of primary particle D50 of the active material is
200 nm to 1000 nm, for example, may be 200 nm, 300 nm, 400 nm, 500 nm, 600 nm, 700 nm, 800 nm, or 1000 nm.
[0029] The average particle size of the secondary particles is 3 pm to 20 pm, for example, may be 3 um, 4 pm, 5 um,
6 wm, 7 pm, 8 pm, 9 pm, 10 pm, 11 pm, 12 pm, 13 pm, 15 pum or 20 um, etc. Preferably, the average particle size of
the secondary particles is 10 um to 13 um. The applicant has discovered by numerous experiments that when the
average particle size of the secondary particles is controlled within the range of 3 um to 20 um, the cracking of the
secondary particles during cycling can be avoided, which facilitates to improve the structural stability, thermal stability
and long cycle stability of the secondary patrticle.

[0030] In some embodiments herein, the thickness of the first coating layer is 0.005 pm to 0.05 um, for example, may
be 0.005 um, 0.01 pm, 0.015 pum, 0.02 pm, 0.025 pm, 0.03 pm, 0.035 um, 0.04 pwm, 0.045 pm, or 0.05 pm. The
thickness of the first coating layer may also be other values within the ranges above, which are not limited herein.
[0031] In some embodiments herein, the thickness of the second coating layer is 0.02 pum to 0.2 um, for example,
may be 0.02 pm, 0.03 pm, 0.05 pum, 0.08 pm, 0.1 pm, 0.13 pm, 0.15 um, 0.18 um, or 0.2 um. The thickness of the first
coating layer may also be other values within the ranges above, which are not limited herein.

[0032] In some embodiments herein, the phosphate compound includes at least one of Li;PO,4 and LiR (PO,),, where
0<k<2, 0<r<2, R is selected from at least one of Co, Nb, Al, Ti, Zr, Sr, Mg, Ca, Y, Ba, Cu, W, Nb, La, Ce, Mo and Sn.
[0033] The phosphate compound not only has high lithium ion conductivity, but also can reduce residual alkali at the
surface of the cathode material. This internal and surface both coating method facilitates formation of the coating layer
having high lithium ion conductivity and isolating comprehensively the active material from electrolyte.

[0034] Specifically, raw materials for preparation of phosphate compounds of the first coating layer includes metal
phosphate and lithium compound, which is a phosphate compound formed by a high temperature reaction of the metal
phosphate with the lithium compound, with the aim of both phosphate compound coating and metal cation doping of the
primary particle of the cathode material during the sintering process.

[0035] Raw materials for preparation of phosphate compounds of the second coating layer includes at least one of
phosphoric acid, metaphosphoric acid, phosphorous acid, metaphosphorous acid, pyrophosphoric acid, hypophosphoric
acid, soluble phosphate, soluble metaphosphate, soluble phosphite, soluble metaphosphite, soluble pyrophosphate and
soluble hypophosphate; the second coating layer is a phosphate compound formed by the reaction of the non-aqueous
substance added in the washing process with the residual lithium on the surface of the sintered material, and the
phosphate compound includes at least Li,,PO, with high lithium ion conductivity, where 1<m<3, and 1<n<4.

[0036] The content of phosphate group in the first coating layer accounts 0.03 wt% to 0.3 wt% of the total mass of the
secondary particle. Preferably, the content of phosphate group accounts 0.075 wt% to 0.175 wt%, for example, may be
0.075 wt%, 0.1 wt%, 0.125 wt%, 0.15 wt% or 0.175 wt%.

[0037] The content of phosphate group in the second coating layer accounts 0.1 wt% to 0.7 wt% of the total mass of
the secondary particle and the first coating layer. Preferably, the content of phosphate group accounts 0.3 wt% to 0.5
wt%, for example, may be 0.3 wt%, 0.35 wt%, 0.4 wt%, 0.45 wt% or 0.5 wt%. The applicant has discovered by numerous
experiments that when the phosphate group is controlled within the range above, the primary particle or the secondary
particle can achieve good coating effects without reducing the capacity of the cathode material.

[0038] It is noted that first coating is the first coating treatment of the cathode material, and second coating is the
second coating treatment of the cathode material.

[0039] The second coating layer on the surface of the secondary particle not only protects the surface of the secondary
particle from being corroded by electrolyte, and improves thermal stability, but also increases lithium ion diffusion rate,
and reduces residual alkali at the surface, such that the resulting cathode material has all of high rate performance,
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good thermal stability, good processing performance and good thermal stability.

[0040] The first coating layer on the surface of the primary particle also has the features described above. Moreover,
the first coating layer also prevents the primary particle of the cathode material from directly contacting the electrolyte
when the secondary particle suffers cracking, thus inhibiting side reactions, which is beneficial to improve the structural
stability, thermal stability and long cycle stability of the secondary particle. Further, a phosphate compound coating layer
with high ionic conductivity at the grain boundary between primary particles is formed, which reduces the grain boundary
transport impedance and is conducive to improve the rate performance of the cathode material. The internal and surface
combined coating method synergistically improves structural stability, thermal stability, safety, rate performance, long
cycle performance and processing performance of the cathode material.

[0041] In the cathode material provided by the present application, a content of crystalline phosphate group of the
coating layer containing the phosphate compound accounts 5 wt% to 50 wt% of the total mass of phosphate, for example,
may be 5 wt%, 10 wt%, 20 wt%, 30 wt%, 40 wt% or 50 wt%.

[0042] The cathode material is a ternary cathode material, the powder conductivity of the cathode material is greater
than 0.02 S/cm under pressure of 4 kN/cm2, which can effectively increase the discharge capacity at high rates.
[0043] The specific surface area of the cathode material is 0.2 m2/g to 2.0 m2/g. Preferably, the specific surface area
of the cathode material is 0.3 m2/g to 0.8 m2/g, for example, may be 0.3 m2/g, 0.4 m2/g, 0.5 m2/g, 0.6 m2/g, 0.7 m2/g,
0.8 m2/g, etc. The applicant has discovered by numerous experiments that when the specific surface area of the cathode
material is controlled within the range of 0.2 m2/g to 2.0 m2/g, it facilitates to increase the cycling performance of the
lithium ion battery made of the cathode material.

[0044] The present application further provides a method for preparing the cathode material, as shown in FIG. 2, the
method includes the following steps S100 to S200:

$100, mixing NizCo,M;O or Ni,Cop,M.(OH),, a lithium compound, and a metal phosphate to obtain a mixture, sintering
the mixture to obtain a sintered material, wherein a+b+c=1, 0.8<a<1, 0<b+c<0.2, M is selected from at least one of Mn
or Al, the sintered material includes a plurality of primary particles and a first coating layer forming surface of the primary
particle, the first coating layer includes phosphate compound, and the metal phosphate has an average particle size of
less than 0.5 pm.

[0045] By adding metal phosphate component, both phosphate compound coating and metal cation doping of the
primary particle of the cathode material are achieved during the sintering process. The primary particle coating can
prevent the primary particle of the cathode material from directly contacting the electrolyte when the secondary particle
suffers cracking, thus inhibiting side reactions, which is beneficial to improve the structural stability, thermal stability and
long cycle stability of the secondary particle. Moreover, a phosphate compound coating layer with high ionic conductivity
at the grain boundary between primary particles is formed, which reduces the grain boundary transport impedance and
is conducive to improve the rate performance of the cathode material.

[0046] In a specific embodiment, the lithium compound is added in an amount such that the ratio of total molar content
of Ni, Co, M, and the metal element in the metal phosphate to the molar content of Li is 1:(0.95 to 1.10). Within this
range, Li/Ni cation disarrangement level can be reduced, and residue lithium at the surface of sintered material can be
prevented from too high to affect processing performance and safety performance.

[0047] Specifically, the lithium compound includes at least one of lithium carbonate, lithium hydroxide, lithium acetate,
lithium nitrate and lithium oxalate. Preferably, the lithium compound is lithium hydroxide.

[0048] The metal phosphate has an average particle size of less than 0.5 um, for example, may be 0.001 pm, 0.01
pm, 0.05 pm, 0.1 pm, 0.15 pm, 0.2 pum, 0.25 um, 0.3 pwm, 0.35 pm, 0.4 pm or 0.45 pm.

[0049] The metal element of the metal phosphate is selected from at least one of Co, Nb, Al, Ti, Zr, Sr, Mg, Ca, Y, Ba,
Cu, W, Nb, La, Ce, Mo and Sn. Typical but non-limiting examples of such combinations are: a combination of SrHPO,
and Zr(HPO,),, a combination of MgHPO, and Al(H,PO,)s, etc.

[0050] The content of phosphate group in the metal phosphate is 0.03 wt% to 0.3 wt% of the total mass of the mixture.
For example, it may be 0.03 wt%, 0.05 wt%, 0.1 wt%, 0.15 wt%, 0.2 wt% or 0.3 wt%, etc. Preferably, the content of
phosphate group in the metal phosphate is 0.075 wt% to 0.175 wt% of the total mass of the mixture. The applicant has
discovered by numerous experiments that when the content of phosphate group is controlled within this range, a good
primary particle coating effect can be achieved whithout reducing the capacity of the cathode material.

[0051] In mixing Ni;Co,M_.O or Ni;Co,M.(OH)s,, a lithium compound, and a metal phosphate, time of the mixing is 0.3
h to 2.0 h, for example, may be 0.3 h, 0.4 h,0.5h, 0.7 h, 0.8 h, 1.0 h, 1.2 h, 1.5 h or 2.0h, etc., but is not limited to the
listed values, other unlisted values within the range are also applicable. Temperature of the mixing is 10°C to 50°C, for
example, 10°C, 15°C, 25°C, 30°C, 35°C, 40°C, 45°C or 50°C, etc. Preferably, the temperature of the mixing is 10°C to
40°C. The applicant has discovered by numerous experiments that, under the mixing conditions, it can not only fully mix
evenly, but also prevent the mixed raw materials from side reaction due to excessive temperature.

[0052] It is noted that the sintered material is an active material having a first coating layer having a general formula
Li,Ni,CoyM,R,,0,, where 0.95<b<1.10, 0.8<x<1, 0<y+z+w=<0.2, x+y+z+w=1, 0.0001<w<0.003; M is selected from at
least one of Mn or Al; and R includes at least one of Co, Mn, Al, Ti, Zr, Sr, Mg, Ca, Y, Ba, Cu, W, Nb, La, Ce, Mo and Sn.
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[0053] The first coating layer is a phosphate compound including at least one of Li;PO, and LiR,(PO,),, where 0<k<2,
0<r<2, R is selected from at least one of Co, Nb, Al, Ti, Zr, Sr, Mg, Ca, Y, Ba, Cu, W, Nb, La, Ce, Mo and Sn.

[0054] Optionally, the mixture is placed in an oxygen-containing atmosphere for sintering at 650°C to 850°C for 6 h
to 20 h, to obtain the sintered material by crushing and sieving, where the sintered material includes a plurality of primary
particles, and the primary particle has the first coating layer.

[0055] The primary particles have an average particle size D50 of 200 nm to 1000 nm, for example, may be 200 nm,
300 nm, 400 nm, 500 nm, 600 nm, 700 nm, 800 nm or 1000 nm.

[0056] In this embodiment, the metal phosphate reacts with the lithium compound at high temperature to form the first
coating layer of the primary particle, where the first coating layer has a thickness of 0.005 pm to 0.05 pwm, for example,
may be 0.005 pum, 0.01 pwm, 0.015 pm, 0.02 pm, 0.025 um, 0.03 wm, 0.035 um, 0.04 pum, 0.045 uwm or 0.05 pm. The
thickness of the first coating layer may also be other values within the ranges above, which are not limited herein.
[0057] The content of crystalline phosphate group in the first coating layer accounts 5 wt% to 50 wt% of the total mass
phosphate group, for example, may be 5 wt%, 10 wt%, 15 wt%, 20 wt%, 30 wt%, 40 wt% or 50 wt%.

[0058] The oxygen content in the oxygen-containing atmosphere is >95% and the temperature of the sintering, for
example, may be 650°C, 700°C, 720°C, 730°C, 750°C, 770°C, 780°C, 800°C or 850°C, etc. Preferably, the temperature
of the sintering is 720°C to 800°C, but is not limited to the listed values, other unlisted values within the range are also
applicable. The applicant has discovered by numerous experiments that sufficient oxygen can promote oxidation of the
divalent nickel to trivalent nickel, reducing the Li/Ni cation disarrangement level, and increasing the cathode material
capacity. While, this temperature range facilitates the formation of layered structure, and does not tend to causing
material decomposition.

[0059] The time of the sintering, for example, may be 6 h, 8 h, 10 h, 12 h, 15 h, 18 h, or 20 h, etc., but is not limited
to the listed values, other unlisted values within the numerical range are also applicable. The applicant has discovered
by numerous experiments that the time of the sintering described above can effectively facilitate the formation of layered
structure and uniform primary particle coating layer, further the various performances of the cathode material can be all
obtained.

[0060] During sintering process, by controlling particle size of the metal phosphate, it facilitates to form a uniform first
coating layer on the surface of the primary particle. The content of the crystalline phosphate group in the first coating
layer is controlled 5 wt% to 50 wt%, such that the combination between the coating layer and the surface of the cathode
material is more stable. While, the primary particle coating can prevent the primary particle of the cathode material from
directly contacting the electrolyte when the secondary particle suffers cracking, thus inhibiting side reactions, which is
beneficial to improve the structural stability, thermal stability and long cycle stability of the secondary particle. Moreover,
a phosphate compound coating layer with high ionic conductivity at the grain boundary between primary particles is
formed, which reduces the grain boundary transport impedance and is conducive to improve the rate performance of
the cathode material.

[0061] S200, washing by a solvent and drying the sintered material at 50°C or below to obtain the cathode material,
where the cathode material includes a secondary particle and a second coating layer forming surface of the secondary
particle, the secondary particle is an aggregate of primary particles, and the second coating layer includes phosphate
compound.

[0062] The preparation method of cathode materials provided in this application realizes primary particle coating and
metal cationic doping of active materials in the sintering process, and secondary particle coating of cathode materials
in washing by wishing the sintered material with solvent including non-aqueous material, which better restrain the lattice
lithium loss on the surface of the cathode material, thereby improving the rate performance, thermal stability and cycling
stability.

[0063] In some embodiments, the solvent includes water and a non-aqueous material, that is, the solvent is obtained
by dissolving the non-aqueous material in an aqueous solution. The non-aqueous material includes at least one of
phosphoric acid, metaphosphoric acid, phosphorous acid, metaphosphorous acid, pyrophosphoric acid, hypophosphoric
acid, soluble phosphate, soluble metaphosphate, soluble phosphite, soluble metaphosphite, soluble pyrophosphate,
and soluble hypophosphate. Preferably, the non-aqueous material includes at least one of H3PO,, NH4H,POy,,
(NH4)oHPOy,, (NH4)3PO,4, NaH,PO,4, Na,HPO, and NasPO,.

[0064] Optionally, the content of the phosphate group in the solvent accounts 0.1 wt% to 0.7 wt% of the total mass of
the sintered material, for example, may be 0.1 wt%, 0.15 wt%, 0.2 wt%, 0.3 wt%, 0.4 wt%, 0.5 wt%, 0.6 wt% or 0.7 wt%.
Preferably, the content of the phosphate group in the solvent accounts 0.3 wt% to 0.5 wt% of the total mass of the
sintered material. The applicant has discovered by numerous experiments that when the phosphate group is controlled
within this range, a good secondary particle coating effect can be obtained without reducing the capacity of the cathode
material.

[0065] It is to be appreciated that during the washing with solvent, the lithium reaction of the non-aqueous material
remaining on the surface of sintered material with the surface of sintered material may form a layer of coating, the coating
layer having a high lithium ion conductivity, not only increase the rate performance of the material, but also reduce the
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extent to which the surface of cathode material is corroded by the electrolyte, facilitating improved cycling performance
of cathode material.

[0066] As an alternative to the present application, the temperature of the washing is 10°C to 50°C, specifically may
be 10°C, 15°C, 20°C, 25°C, 30°C, 35°C, 40°C, 45°C or 50°C, etc., but is not limited to the listed values, other unlisted
values within the range are also applicable.

[0067] As an alternative to the present application, the time of the washing is 10 min to 120 min, specifically may be
10 min, 20 min, 30 min, 60 min, 90 min or 120 min, etc., but is not limited to the listed values, other unlisted values within
the range are also applicable.

[0068] As an alternative to the present application, the concentration of the slurry consisted of the sintered material
and the solvent (sintered material (g)/solvent (L)) is 500 g/L to 2000 g/L, specifically may be 500 g/L, 800 g/L, 1000 g/L,
1250 g/L or 2000 g/L. When the concentration of the slurry is too high, the amount of the solvent is insufficient to reduce
the lithium on the surface of the material, thus the surface free lithium of the cathode material is excessive, which easily
lead to severe gas generation and increased surface impedance. On the contrary, too low slurry concentration may
cause increased washing time, and damage to the structure of primary particles inside the material, loss of lattice lithium
in the primary particles and M oxides or lithium M complex compounds on the surface of secondary particles composed
of the primary particles.

[0069] The solubility of the lithium on the surface of the cathode material is temperature dependent, controlling the
temperature of the washing within a reasonable range facilitates controlling the amount of lithium on the surface of the
material, as well as the gas generation and processing performance. The temperature of the washing, the concentration
of the slurry and the time of the washing affect each other, thus cooperative control of the three conditions facilitates to
protecting the surface structure of the cathode material particle, improving the corrosion resistance of the surface of the
particle, controlling the amount of lithium on the surface of the material, and reducing the gas generation, thereby
effectively improving all of the discharge capacity, thermal stability, rate performance, safety performance and cycle
performance.

[0070] As an alternative to the present application, the drying is conducted under nitrogen atmosphere. And in other
embodiments, the drying may also be conducted under other protective gases, such as argon.

[0071] As an alternative to the present application, the temperature of the drying is 80°C to 200°C, specifically may
be 80°C, 100°C, 120°C, 150°C, 180°C or 200°C, etc., but is not limited to the listed values, and other unlisted values
within the range are also applicable.

[0072] As an alternative to the present application, the time of the drying is 5 h to 48 h, specifically may be 5 h, 10 h,
12h,15h, 18 h, 20 h, 24 h, 28 h, 32 h, 36 h, 40 h, 44 h or 48 h, etc, but is not limited to the listed values, and other
unlisted values within the range are also applicable.

[0073] The average particle size of the secondary particles is 3 pm to 20 pm, for example, may be 3 um, 4 pm, 5 um,
6 wm, 7 pm, 8 pm, 9 pm, 10 pm, 11 pm, 12 pm, 13 pum, 15 pum or 20 um, etc. Preferably, the average particle size of
the secondary particles is 10 um to 13 um. The applicant has discovered by numerous experiments that when the
average particle size of the secondary particles is controlled within such range of 3 wm to 20 wm, the cracking of the
secondary particles during cycling can be avoided, which facilitates to improve the structural stability, thermal stability
and long cycle stability of the secondary patrticle.

[0074] The thickness of the second coating layer is 0.02 pum to 0.2 um, for example, may be 0.02 pm, 0.03 pm, 0.05
pm, 0.08 pm, 0.1 pm, 0.13 pm, 0.15 um, 0.18 wm or 0.2 um. The thickness of the second coating layer may also be
other values within the ranges above, which are not limited herein.

[0075] Specifically, a non-aqueous material in the solvent reacts with residual lithium on surface of the sintered material
to form the second coating layer, where the content of the crystalline phosphate group in the second coating layer
accounts 5 wt% to 50 wt% of the total mass of phosphate group. Specifically, it may be 5 wt%, 10 wt%, 15 wt%, 20 wt%,
25 wt%, 30 wt%, 35 wt%, 40 wt% or 50 wt%.

[0076] Further, after washing by a solvent and drying the sintered material, the method further includes:

placing the washed and dried sintered material in an oxygen-containing atmosphere for a heat treatment at 150°C to
600°C for 4 h to 10 h to obtain the cathode material.

[0077] Optionally, the temperature of the heat treatment specifically may be 150°C, 200°C, 250°C, 300°C, 350°C,
400°C, 550°C or 600°C, etc.; and the time of the heat treatment specifically may be 4 h, 5h,6 h, 7h,8 h,9hor 10 h,
etc., but are not limited to the listed values, other unlisted values within the range are also applicable.

[0078] It is to be appreciated that by heat treat treatment of the washed and dried sintered material, the phosphate
compound can be more uniformly, firmly coated on the surface of the sintered material, while facilitating the reaction of
the non-aqueous material with the residual lithium on surface of the sintered material, reducing the residual alkali, forming
a high lithium ion conductive phosphate compound, facilitating control of the content of the crystalline phosphate group
in the secondary particle coating layer, improving processing performance and rate performance, and preventing de-
composition and lithium precipitation of the sintered material.

[0079] Optionally, the mixing employed in the present embodiment may be mechanical mixing, such as by a high-
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mixer or VC mixer, etc.

[0080] The preparation method of cathode materials provided in this application realizes primary particle coating and
metal cationic doping of cathode materials in the sintering process, and secondary particle coating of cathode materials
in solvent washing; which forms a uniform coating layer on the surface of the cathode material, and better restrain the
lattice lithium loss on the surface of the cathode material, thereby improving the rate performance, thermal stability and
cycling stability.

[0081] In a third aspect, an embodiment of the present application further provides a lithium ion battery including a
cathode material as described above or a cathode material prepared by the method for preparing the cathode material
as described above.

[0082] The following several examples further illustrate the embodiments of the present application. The embodiments
herein are not limited to the specific examples described below. Variations may be made as appropriate within the scope
of the independent claims.

Example 1
[0083] In this example, the method for preparing the cathode material includes the following steps:

(1) the precursor Nij gsC0q oAl 93(OH),, lithium hydroxide, and SrHPO, with an average particle size D50 of 0.2
wm were mixed uniformly in a high-mixer, the temperature of the mixing was controlled to 30°C, and the time of the
mixing to 1 h, to obtain a mixture, where Li/(Ni+Co+Al)=1.05, and the content of the phosphate group was 0.3 wt%
of the total mass of the mixture;

(2) the mixture was sintered at 750°C under an atmosphere with an oxygen content of >95% for 10 h, then crushed
and sieved to obtain a phosphate compound coated sintered material Li; 45Nig ggC0g 09Alg 03Sr0 002602 With Sr
doped therein;

(3) the above sintered material Liq o5Nig g5C0q ggAlg.03Srg 002602 Was washed with solvent (H,O and NH4H,PO,)
at a ratio of 500 g of the sintered material per 1 L of the solvent at 20°C for 10 min. In the mixture of the sintered
material and the solvent, the content of the phosphate group was 0.5 wt% of the total mass of the sintered material.
Then a pressure filtration was conducted, and the filter cake was dried at 80°C for 24 h, to obtain a secondary
particle coated cathode material;

(4) the cathode material was sintered at 200°C under an atmosphere with an oxygen content of >95% for 8 h, then
crushed and sieved to obtain a phosphate compound coated cathode material Liq ¢5Nig gsC0q 88Alg.035r0.002602-

[0084] The cathode material obtained in this example included a plurality of secondary particles, the secondary particle
was an aggregate of primary particles; the surface of the primary particle was formed with a first coating layer, the surface
of the secondary particle was formed with a second coating layer. Where, the average particle size of the primary particles
was 0.6 pm, the average particle size of the secondary particles was 12 um, the material of the primary particle was
Liy 95Nig 86C0g 09Alg 03Srg 002602; the thickness of the first coating layer was 0.04 um, the material of the first coating
layer was LisPO, and LiSrPQOy,; the secondary particle was an aggregate of primary particles coated by the first coating
layer, the thickness of the second coating layer was 0.06 um; the material of the second coating layer was Li;PO, and
LizAI(PO,),, the average phosphorus content a on the surface of the cathode material was tested to be 0.231 wt%, and
the single point phosphorus content a’ at 10 optional points on the surface of the cathode material was 0.209 wt% as a
minimum value and 0.245 wt% as a maximum value.

[0085] The scanning electron microscope photos of the cathode material S1 prepared in this example are shown in
FIGs. 3a and 3b.

[0086] The results of performance testing of the cathode material S1 prepared in this example are shown in Table 1.

Example 2
[0087] In this example, the method for preparing the cathode material includes the following steps:

(1) the precursor Nig g3C0oq 11Mng g5(OH),, lithium hydroxide, and Zr(HPO,), with an average particle size D50 of
0.4 pm were mixed uniformly in a high-mixer, the temperature of the mixing was controlled to 25°C, and the time
of the mixing to 2 h, to obtain a mixture, where Li/(Ni+Co+Al)=1.03, and the content of the phosphate group was
0.2 wt% of the total mass of the mixture;

(2) the mixture was sintered at 800°C under an atmosphere with an oxygen content of >95% for 20 h, then crushed
and sieved to obtain a phosphate compound coated sintered material Li; o3Nig g3C0q 11Mng 06Zrg 0009O2 With Zr
doped therein;

(3) the above sintered material Li4 o3Nig g3C0q 11Mng ggZrg 0009O2 Was washed with with solvent (H,O and N,H,PO,)
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at a ratio of 800 g of the sintered material per 1 L of the solvent at 30 °C for 20 min. In the mixture of the sintered
material and the solvent, the content of the phosphate group was 0.3 wt% of the total mass of the sintered material.
Then a pressure filtration was conducted, and the filter cake was dried at 120°C for 20 h, to obtain a secondary
particle coated cathode material;

(4) the cathode material was sintered at 300°C under an atmosphere with an oxygen content of >95% for 6 h, then
crushed and sieved to obtain a phosphate compound coated cathode material Li; 3Nig g3C00 11MnNg 06250 000902

[0088] The cathode material obtained in this embodiment included a plurality of secondary particles, the secondary
particle was an aggregate of primary particles; the surface of the primary particle was formed with a first coating layer,
and the surface of the secondary particle was formed with a second coating layer. Where, the average particle size of
the primary particles was 0.7 wm, the average particle size of the secondary particles was 11.5 pum, the material of the
primary particle is Liq ¢3Nig §3C0q 11MNg 06210 000902 the thickness of the first coating layer was 0.02 um, the material
of the first coating layer was Li;PO, and Li,Zr(PO,),; the secondary particle was an aggregates of primary particles
coated by the first coating layer, the thickness of the second coating layer was 0.10 wm; the material of the second
coating layer was LisPO,, the average phosphorus content a on the surface of the cathode material was tested to be
0.135 wt%, and the single point phosphorus content a’ at 10 optional points on the surface of the cathode material was
0.125 wt% as a minimum value and 0.142 wt% as a maximum value.

[0089] The results of performance testing of the cathode material S2 prepared in this example are shown in Table 1.

Example 3
[0090] In this example, the method for preparing the cathode material includes the following steps:

(1) the precursor Nig gsC0q g9Aly g3(OH),, lithium hydroxide, and MgHPO, with an average particle size D50 of 0.05
pm, and Zr(HPO,), with a median particle size of 0.4 um were mixed uniformly in a high-mixer, the temperature of
the mixing was controlled to 20°C, and the time of mixing to 1.5 h, to obtain a mixture, where Li/(Ni+Co+Al)=1.00,
and the content of the phosphate group was 0.1 wt% of the total mass of the mixture;

(2) the mixture was sintered at 650°C under an atmosphere with an oxygen content of >95% for 20 h, then crushed
and sieved to obtain a phosphate compound coated sintered material LiNig ggC0q 09Alg 03M30 0009Zr0.000402 With
Mg and Zr doped therein;

(3) the above sintered material LiNig g5C0q 09Alg 03MJ0 0009Z0.000402 Was washed with solvent (H,O and H3PO,)
at a ratio of 1000 g of the sintered material per 1 L of the solvent at 40 °C for 30 min. In the mixture of the sintered
material and the solvent, the content of the phosphate group was 0.15 wt% of the total mass of the sintered material.
Then a pressure filtration was conducted, and the filter cake was dried at 150°C for 12 h, to obtain a secondary
particle coated cathode material;

(4) the cathode material was sintered at 500°C under an atmosphere with an oxygen content of >95% for 10 h, then
crushed and sieved to obtain a cathode material LiNig ggC0q 9Alg 03M390 0009Zr0.000402 in Which both of the primary
particle and the secondary particle were coated by the phosphate compound.

[0091] The cathode material obtained in this example included a plurality of secondary particles, the secondary particle
was an aggregate of primary particles; the surface of the primary particle was formed with a first coating layer, the surface
of the secondary particle was formed with a second coating layer. Where the average patrticle size of the primary particles
was 0.3 pm, the average particle size of the secondary particles was 12 um, the material of the primary particle was
LiNig 8gsC0g 09Alg 03M30 0009210 000402; the thickness of the first coating layer was 0.01 um, the material of the first coating
layer was LizPO,, LIMgPO,4 and Li,Zr(PO,),; the secondary particle was an aggregate of primary particles coated by
the first coating layer, the thickness of the second coating layer was 0.15 um; the material of the second coating layer
was LisPO,, the average phosphorus content a on the surface of the cathode material was tested to be 0.069 wt%, and
the single point phosphorus content a’ at 10 optional points on the surface of the cathode material was 0.063 wt% as a
minimum value and 0.074 wt% as a maximum value.

[0092] The results of performance testing of the cathode material S3 prepared in this example are presented in Table 1.

Example 4
[0093] In this example, the method for preparing the cathode material includes the following steps:
(1) the precursor Nig ggCoq ggAlg 93(OH),, lithium hydroxide, and SrHPO, with an average particle size D50 of 0.2

wm were mixed uniformly in a high-mixer, the temperature of the mixing was controlled to 15°C, and the time of the
mixing to 2 h, to obtain a mixture, where Li/(Ni+Co+Al)=0.95, and the content of the phosphate group was 0.03 wt%
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of the total mass of the mixture;

(2) the mixture was sintered at 730°C under an atmosphere with an oxygen content of >95% for 6 h, then crushed
and sieved to obtain a phosphate compound coated sintered material LiNig ggC0q ggAlg 03Srg 090302 With Sr doped
therein;

(3) the above sintered material LiNiy g5C0( goAlg 03Srg 000302 Was washed with solvent (H,O, NaH,PO, and H;PO,,
in which the molar ratio of phosphate group ion in NaH,PO, and H;PO, was 1:1) at a ratio of 2000 g of the sintered
material per 1 L of the solvent at 50 °C for 60 min. In the mixture of the sintered material and the solvent, the content
of the phosphate group was 0.1 wt% of the total mass of the sintered material. Then a pressure filtration was
conducted, and the filter cake was dried at 200°C for 10 h, to obtain a secondary particle coated cathode material;
(4) the cathode material was sintered at 500°C under an atmosphere with an oxygen content of 295% for 5 h, then
crushed and sieved to obtain a phosphate compound coated cathode material LiNiy g5C0q g9Alg 93Srg 000302-

[0094] The cathode material obtained in this example included a plurality of secondary particles, the secondary particle
was an aggregate of primary particles; the surface of the primary particle was formed with a first coating layer, the surface
of the secondary particle was formed with a second coating layer; Where, the average particle size of the primary particles
was 0.6 pum, the average particle size of the secondary particles was 11 wm, the material of the primary particle was
LiNig g8C00 99Alg 03Sr0 000302, the thickness of the first coating layer was 0.008 um, the material of the first coating layer
was LisPO, and LiSrPO,; the secondary particle was an aggregate of primary particles coated by the first coating layer,
the thickness of the second coating layer was 0.18 um; the material of the second coating layer was Li;PO, and
Li,Zr(PO,),, the average phosphorus content a on the surface of the cathode material was tested to be 0.039 wt%, and
the single point phosphorus content a’ at 10 optional points on the surface of the cathode material was 0.036 wt% as a
minimum value and 0.041 wt% as a maximum value.

[0095] The results of performance testing of the cathode material S4 prepared in this example are shown in Table 1.

Comparative Example 1

[0096] The preparation method and process of Example 1 was employed, except for the difference between Compar-
ative Example 1 and Example 1 that StHPO, was not added in step (1), and the solvent used in step (3) was pure water.
[0097] The results of performance testing of the cathode material D1 prepared in Comparative Example 1 are shown
in Table 1.

[0098] The scanning electron microscope photos of the cathode material D1 prepared in Comparative Example 1 are
shown in FIGs. 4a and 4b.

[0099] The average phosphorus content a on the surface of the cathode material D1 prepared in this comparative
example was tested to be 0 wt%, and the single point phosphorus content a’ at 10 optional points on the surface of the
cathode material D1 was 0 wt%.

Comparative Example 2

[0100] The preparation method and process of Example 1 was employed, except for the difference between Compar-
ative Example 2 and Example 1 that the solvent used in step (3) was pure water.

[0101] The results of performance testing of the cathode material D2 prepared in Comparative Example 2 are shown
in Table 1.

[0102] The average phosphorus content a on the surface of the cathode material D2 prepared in this comparative
example was tested to be 0.092 wt%, and the single point phosphorus content a’ at 10 optional points on the surface of
the cathode material D2 was 0.075 wt% as a minimum value and 0.116 wt% as a maximum value.

Comparative Example 3

[0103] The preparation method and process of Example 1 was employed, except for the difference between Compar-
ative Example 3 and Example 1 that STHPO, was not added in step (1).

[0104] The results of performance testing of the cathode material D3 prepared in Comparative Example 3 are shown
in Table 1.

[0105] The average phosphorus content a on the surface of the cathode material D3 prepared in this comparative
example was tested to be 0.154 wt%, and the single point phosphorus content a’ at 10 optional points on the surface of
the cathode material D3 was 0.135 wt% as a minimum value and 0.173 wt% as a maximum value.
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Comparative Example 4

[0106] The preparation method and process of Example 1 was employed, except for the difference between Compar-
ative Example 4 and Example 1 that the average particle size of StHPO, added in step (1) was 10 um.

[0107] The results of performance testing of the cathode material D4 prepared in Comparative Example 4 are shown
in Table 1.

[0108] The average phosphorus content a on the surface of the cathode material D4 prepared in this comparative
example was tested to be 0.245 wt%, and the single point phosphorus content a’ at10 optional points on the surface of
the cathode material D4 was 0.183 wt% as a minimum value and 0.302 wt% as a maximum value.

Comparative Example 5

[0109] The preparation method and process of Example 1 was employed, except for the difference between Compar-
ative Example 5 and Example 1 that during the washing with solvent, the temperature of the washing was 80°C and the
time of the washing was 60 min.

[0110] The results of performance testing of the cathode material D5 prepared in Comparative Example 5 are shown
in Table 1.

[0111] The average phosphorus content a on the surface of the cathode material D5 prepared in this comparative
example was tested to be 0.198 wt%, and the single point phosphorus content a’ at 10 optional points on the surface of
the cathode material D5 was 0.152 wt% as a minimum value and 0.226 wt% as a maximum value.

Test Methods

[0112] A scanning electron microscope was used to analyze the morphology of the cathode material, and scanning
electron microscope photos were obtained.

[0113] The single point phosphorus content a’ on the surface of the cathode material was tested using an energy
dispersive X-ray spectrometer (EDS) installed by the scanning electron microscope.

[0114] The average phosphorus content a on the surface of the cathode material was tested using an energy dispersive
X-ray spectrometer (EDS) installed by the scanning electron microscope.

[0115] Electrochemical performance evaluation of the prepared cathode material was performed using a coin half-cell
as follows: the cathode material, conductive carbon black Super P and polyvinylidene fluoride (PVDF) were weighed in
a mass ratio of 96:2:2, followed by adding N-methylpyrrolidone in a solids content of 50%, blended to a viscous slurry
with a high speed disperser, uniformly coated on aluminum foil with a scraper, dried in an oven at 80°C, and subjected
to roll pressing, tailored to a cathode sheet with a diameter of 14 mm. A lithium sheet with a diameter of 16 mm was
used as an anode sheet, a Celgard polypropylene PP film was used as a separator, a solution of LiPFg in carbonate
(1:1 of volume ratio of diethyl carbonate DEC/ethylene carbonate EC) with a concentration of 1 mol/L was used as an
electrolyte, and the coin half-cell was assembled in a glove box filled with argon.

[0116] A LAND cell test system was used to perform the capacity, initial coulombic efficiency and rate performance
test at 25°C and 3.0V to 4.3V, where the reference capacity was set to 200 mA/g, the corresponding current density at
1C was 200 mA/g.

[0117] A potentiometric titrator was used to detect the total amount of lithium compound on the surface of the cathode
material. Specifically, by titration with hydrochloric acid, the amount of lithium compound was calculated by the amount
of consumed hydrochloric acid.

[0118] The cathode material particle was cut by focused ion beam, and a high precision energy dispersive spectroscopy
was used to perform an elemental line scan on the cross-section of the cut particle, so as to calculate the distribution
location of phosphate compound coating layer according to the line scan element curve.

[0119] A NETZSCH differential scanning calorimeter was used to perform a thermal stability testing on the electrode
material in a closed high pressure crucible by 5°C/min at nitrogen atmosphere, to obtain a differential scanning thermal
curve. The electrode material was an active material that was scraped from the fully charged electrode sheet of the coin
cell after 2.5 weeks cycling at 0.1C.

[0120] ABruker X-ray diffractometer was used to test the structure composition of the cathode material, and the content
of the crystalline phosphate group in the coating layer phosphate compound was obtain by refined calculation of the X-
ray diffraction pattern.

[0121] The results of the performance testing described above are as follows:
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[0122] It can be seen in FIGs. 3a and 3b that, the cathode material obtained in Example 1 forms a uniform coating on
the surface of the secondary particle, and the gap between the primary particles is filled with phosphate compound such
that the grain boundary contact is very tight, and the coating layer is very tightly combined with the cathode material.
[0123] It can be seen in FIGs. 4a and 4b that, the surface of the secondary particle of cathode material obtained in
Comparative Example 1 is relatively smooth, without coating layer; while, the gap between the primary particles is large,
so that the electrolyte easily permeates into the secondary particle.

[0124] As shown in FIG. 5, the rate performance of the cathode material obtained in Example 1 is better than that of
Comparative Example 1, indicating that the rate performance of the cathode material without the phosphate compound
coating on the primary particle is obviously poor.

[0125] As shown in FIG. 6, the decomposition temperature and the exothermic heat of the corresponding cathode
material of Example 1 are better than Comparative Example 1, indicating that the phosphate compound coating on the
primary particle and the secondary particle of the cathode material facilitates to increase the thermal stability of the
cathode material

[0126] It can be seen in Table 1 that, the electrochemical properties of cathode materials prepared by Examples 1-5
ofthe presentapplication are all superior, the discharge capacities are 209 mAh/g or more, the initial coulombic efficiencies
are up to about 90%, the rate performance is good, the long cycle performance is prominent, and the content of the
surface free lithium are lower.

[0127] It can be seen from the data comparison of Example 1 and Comparative Example 2 in Table 1, neither primary
nor secondary particles are coated with the phosphate compound, the surface residual alkali of the cathode material
are high, and the rate performance, discharge capacity and cycling performance are all affected. As shown from the
data comparison of Example 1 and Comparative Example 2, When non-aqueous solvent is not used in the secondary
coating process, the surface residual alkali of the prepared cathode material is severely high and cannot be passed by
the processing testing.

[0128] It can be seen from the data comparison of Example 1 and Comparative Example 3 and Comparative Example
4, when no metal phosphate (SrHPO,) is added or the particle size of the added metal phosphate is too large during
the first coating, it does not facilitate to form a uniform first coating layer of the metal phosphate on the surface of the
primary particle. The surface residual alkali of the prepared cathode material is high, and the rate capability, the discharge
capacity and the cycle performance are all affected.

[0129] It can be seen from the data comparison of Example 1 and Comparative Example 5 that, too high of the washing
temperature is easily causing the content of the surface free lithium to rise, and also tends to cause a non-uniform coating
layer on the surface of the active material, thereby affecting the rate performance, discharge capacity and cycling
performance of the cell.

[0130] While the present application has been disclosed by preferred embodiments, it is not to limit the claims. Those
skilled in the art can make various changes and modifications without departing from the concepts of the present
application. Therefore, the scope of the present application shall be accorded the scope as defined by the following claims.

Claims
1. A cathode material, characterized in that the cathode material comprises:

a secondary particle comprising a plurality of primary particles, wherein the primary particle comprises an active
material having a chemical formula LiyNi,Co,M,R,05, wherein 0.95<b<1.10, 0.8<x<1, 0<y+z+w<0.2,
x+y+z+w=1, 0.0001<w<0.003; M is selected from at least one of Mn and Al; and R is a doped metal; and

a coating layer comprising a first coating layer and a second coating layer, wherein the first coating layer forms
on a surface of the primary particle, the second coating layer forms on a surface of the secondary particle, and
the first coating layer and the second coating layer both comprise phosphate compound;

the single point phosphorus content a’ at any point on the surface of the cathode material and the average
phosphorus content a on the surface of the cathode material satisfy the following relationship:

0.9a<a’<l1.1a;

wherein, a’ and a are obtained by the following test method:

in the case of observing the cathode material by a scanning electron microscope, conducting an EDS point
scanning at any point on the surface of cathode material for testing phosphorus content to obtain the a’, while
conducting an EDS surface scanning at a quadrilateral area randomly selected having a side length of 100 um
in the field of view of the scanning electron microscope for testing phosphorus content to obtain the a.
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2. The cathode material according to claim 1, characterized in that R in the Li,Ni,Co, MR, O, comprises at least one
of Co, Mn, Al, Ti, Zr, Sr, Mg, Ca, Y, Ba, Cu, W, Nb, La, Ce, Mo and Sn.

3. The cathode material of claim 1 or 2, characterized in that the cathode material satisfies at least one of the following
conditions a to k:

a. the secondary particle is spherical or spherical-like in shape;

b. the primary particles have an average particle size of 200 nm to 1000 nm, and the secondary particles have
an average particle size of 3 um to 20 um;

c. the phosphate compound comprises at least one of Li;PO, and LiR,(PO,),, wherein 0<k<2, 0<r<2, and R is
selected from at least one of Co, Nb, Al, Ti, Zr, Sr, Mg, Ca, Y, Ba, Cu, W, Nb, La, Ce, Mo and Sn;

d. a preparation raw material of the phosphate compound of the first coating layer comprises metal phosphate
and lithium compound, and a preparation raw material of the phosphate compound of the second coating layer
comprises at least one of phosphoric acid, metaphosphoric acid, phosphorous acid, metaphosphorous acid,
pyrophosphoric acid, hypophosphoric acid, soluble phosphate, soluble metaphosphate, soluble phosphite, sol-
uble metaphosphite, soluble pyrophosphate and soluble hypophosphate;

e. a content of phosphate group of the phosphate compound in the first coating layer accounts 0.03 wt% to 0.3
wt% of the total mass of the secondary patrticle;

f. a content of phosphate group of the phosphate compound in the second coating layer accounts 0.1 wt% to
0.7 wt% of the total mass of the secondary particle and the first coating layer;

g. a content of crystalline phosphate group of the phosphate compound in the first coating layer or the second
coating layer accounts 5 wt% to 50 wt% of the total mass of phosphate group;

h. the first coating layer has a thickness of 0.005 pm to 0.05 um;

i. the second coating layer has a thickness of 0.02 pm to 0.2 pm;

j- the powder conductivity of the cathode material is greater than 0.02 S/cm under pressure of 4 kN/cm2; and
k. the specific surface area of the cathode material is 0.2 m2/g to 2.0 m2/g.

4. A method for preparing a cathode material, characterized in that the method comprises:

mixing Ni;Co,M O or Ni,Co,M_(OH),, a lithium compound, and a metal phosphate to obtain a mixture, sintering
the mixture to obtain a sintered material, wherein a+b+c=1, 0.8<a<1, 0<b+c<0.2, M is selected from at least
one of Mn or Al, the sintered material comprises a plurality of primary particles and a first coating layer forming
on surface of the primary particle, the first coating layer comprises phosphate compound, and the metal phos-
phate has an average particle size of less than 0.5 um; and

washing by a solvent and drying the sintered material at 50°C or below to obtain the cathode material, wherein
the cathode material comprises a secondary particle and a second coating layer forming surface of the secondary
particle, the secondary particle is an aggregate of primary particles, and the second coating layer comprises
phosphate compound.

5. The method of claim 4, characterized in that the method satisfies at least one of the following conditions a to f:

a. the lithium compound is added in an amount such that the ratio of the total molar content of Ni, Co, M, and
the metal element in the metal phosphate to the molar content of Li is 1:(0.95 to 1.10);

b. the lithium compound comprises at least one of lithium carbonate, lithium hydroxide, lithium acetate, lithium
nitrate and lithium oxalate;

c. a metal element of the metal phosphate is selected from at least one of Co, Nb, Al, Ti, Zr, Sr, Mg, Ca, Y, Ba,
Cu, W, Nb, La, Ce, Mo and Sn;

d. a content of phosphate group in the metal phosphate is 0.03 wt% to 0.3 wt% of the total mass of the mixture;
e. a condition for obtaining the mixture is: solid phase mixing at 10°C to 50°C for 0.3 h to 2 h; and

f. a condition for obtaining the sintered material is: sintering at 650°C to 850°C for 6 h to 20 h under an oxygen-
containing atmosphere.

6. The method of claim 4, characterized in that the method satisfies at least one of the following conditions a to b:
a. the solvent comprises water and a non-aqueous material, wherein the non-aqueous material comprises at
least one of phosphoric acid, metaphosphoric acid, phosphorous acid, metaphosphorous acid, pyrophosphoric

acid, hypophosphoric acid, soluble phosphate, soluble metaphosphate, soluble phosphite, soluble metaphos-
phite, soluble pyrophosphate, and soluble hypophosphate; and
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b. a content of phosphate group in the solvent accounts 0.1 wt% to 0.7 wt% of the total mass of the sintered
material.

7. The method of claim 4 or 6, characterized in that the method satisfies at least one of the following conditions a to f:

a. a temperature of the washing is 10°C to 50°C;

b. a concentration of the slurry consisted of the sintered material and the solvent (sintered material (g)/solvent
(L)) is 500 g/L to 2000 g/L;

c. a time of the washing is 10 min to 120 min;

d. the drying is carried out under nitrogen atmosphere condition;

e. a temperature of the drying is 80°C to 200°C; and

f. a time of the drying is 5 h to 48 h.

8. Themethod of claim 4, characterized in that after washing by a solvent and drying the sintered material, the method
further comprises:
placing the washed and dried sintered material in an oxygen-containing atmosphere for a heat treatment at 150°C
to 600°C for 4 h to 10 h to obtain the cathode material.

9. The method of claim 4, characterized in that the method satisfies at least one of the following conditions a to f:

a. the metal phosphate reacts with the lithium compound at high temperature to form the first coating layer of
the primary particle;

b. phosphate anion in the solvent reacts with residual lithium on surface of the sintered material to form the
second coating layer of the secondary particle;

c. the phosphate compound comprises at least one of Li;PO, and LiR,(PO,),, wherein 0<k<2, 0<r<2, R is
selected from at least one of Co, Mn, Al, Ti, Zr, Sr, Mg, Ca, Y, Ba, Cu, W, Nb, La, Ce, Mo and Sn;

d. a content of crystalline phosphate group of the phosphate compound in the first coating layer or the second
coating layer accounts 5 wt% to 50 wt% of the total mass of phosphate group;

e. the primary particles have an average particle size of 200 nm to 1000 nm, and the first coating layer has a
thickness of 0.005 pm to 0.05 pwm; and

f. the secondary particles have an average particle size of 3 um to 20 um and the second coating layer has a
thickness of 0.02 to 0.2 pm.

10. A lithium ion battery, characterized in that the lithium ion battery comprises a cathode material according to any

one of claims 1 to 3 or a cathode material prepared by the method for preparing the cathode material according to
any one of claims 4 to 9.
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